SUMMARY 215 preschool siblings of children presenting with squint/amblyopia were screened by refraction after cycloplegia. The presence of +2-00 or more D of spherical hypermetropia in both eyes, or +1 00 or more D sphere or cylinder of anisometropia was significantly associated (P=0 0779 %) with that child being identified 2+ years later as having either squint or amblyopia or both. Astigmatism of + 1-50 or more D in either eye was significantly associated with anisometropia (P=0000 0013 %). If bilateral hypermetropia of +2 00 or more DS and/or + 1-50 or more D of astigmatism in either eye had been taken as criteria for abnormality (ignoring anisometropia), there was a more significant association (P=0.0025 %) between refraction and squint/amblyopia in these siblings. Such a child had 4 times more chance of having a visual defect than one who had no error of refraction when screened. These findings suggest that an environmental factor such as blurred vision may be relatively more important as a cause of squint/amblyopia than a genetically determined neurological abnormality.
SUMMARY 215 preschool siblings of children presenting with squint/amblyopia were screened by refraction after cycloplegia. The presence of +2-00 or more D of spherical hypermetropia in both eyes, or +1 00 or more D sphere or cylinder of anisometropia was significantly associated (P=0 0779 %) with that child being identified 2+ years later as having either squint or amblyopia or both. Astigmatism of + 1-50 or more D in either eye was significantly associated with anisometropia (P=0000 0013 %). If bilateral hypermetropia of +2 00 or more DS and/or + 1-50 or more D of astigmatism in either eye had been taken as criteria for abnormality (ignoring anisometropia), there was a more significant association (P=0.0025 %) between refraction and squint/amblyopia in these siblings. Such a child had 4 times more chance of having a visual defect than one who had no error of refraction when screened. These findings suggest that an environmental factor such as blurred vision may be relatively more important as a cause of squint/amblyopia than a genetically determined neurological abnormality. Thomson (1924) and Chavasse (1932) suggested preventive treatment for squint without specifying which children required it. Bruckner, as reported and confirmed by Seba (1970) , probably tried to predict which children were going to squint but did not refer this to a method of prevention. His test was, to say the least, vague, but we think that he was possibly identifying children with abnormal refractions. Kramar (1973) , however, looked specifically for a test that might enable us to predict, and she suggested that refraction might offer a better chance of doing this than examination of other physical parameters. This offered the opportunity of a genuinely new approach to squint and amblyopia because it happened directly to lead to treatment that could possibly be preventive, that is, that suggested by Thomson (1924) and Chavasse (1932) . Ingram (1977) enlarged on this by pointing out the advantages that an objective test had over new or improved subjective tests, particularly with a view to identifying the 'non-squinting' amblyopes as well as those who were going to squint.
Refraction without cycloplegia has been used before to screen schoolchildren for defective vision (Tyser and Letchworth, 1949; Hirsch, 1950; Jevons, 1954) . It has also been recommended, after cycloplegia, as part of a full ocular examination of children at birth (Seba, 1974) , aged 3 to 6 months (Winstanley, 1966) and aged 3+ years (Abeloos, 1970; Litvinova et al., 1964) . So far as we are aware, nobody has yet explored the possibility of using cycloplegic refraction actually to predict which children will be identified later as having squint and/ or amblyopia.
The obvious way to test Kramar's (1973) suggestion would be to try it on a group of children unusually liable to have squint and/or amblyopia, for example, preschool siblings of those who actually present with these conditions. We report a follow-up study of 215 siblings reviewed 2+ years after they were first screened by retinoscopy following cycloplegia with cyclopentolate (Cyclogyl 1 %).
A future publication reports the findings of follow-up of 186 children seen in a pilot study designed to find out if it would be practical to screen routinely 1-year-old children by refraction. Both samples have been assessed by the same criteria to enable comparison to be made.
Sample of children 215 preschool siblings of children who presented with squint and/or amblyopia were screened during a 3-year period 1971-74. One of us (R. M. I.), who recorded the findings of these children as they were screened, is conscious of the fact that the 'recordkeeping' was not as diligent as it might have been. Therefore we cannot claim that the 215 children reported here were a truly consecutive series, because: (1) Some preschool siblings were not brought for screening. (2) The records of the findings from some siblings were mislaid. We think that there were not more than 10 of these and that all were found to have a 'normal' refraction when screened. We do not think that these deficiencies alter our conclusions. Unfortunately, however, we cannot make any observations on what appears to be a high incidence of refractive errors in siblings of children who present with squint and/or amblyopia.
Methods
Retinoscopy of each child was performed after cycloplegia with cyclopentolate (Cyclogyl 1 %) drops. The refraction in 2 meridia of each eye was recorded on the principles suggested by Ingram (1977) . All the refractions were performed by the same person (R. M. I.).
At the time of screening we considered that +2 00 DS of hypermetropia in both eyes was a significant amount of hypermetropia, and that +±1I00 or more DS or + 1 00 or more D cyl. difference between the two eyes was a significant amount of anisometropia, and that children with such refractions should be regarded as 'abnormal'.
A number of children were periodically reviewed, and 35 of them were treated with spectacles at some time before their final assessment.
Final assessment
An attempt was made to review all the children 2+ years after their initial screening. We have chosen 3 criteria on which to assess whether an individual child's vision was normal or abnormal, because they could also be applied to the simultaneous assessment and reporting of the pilot study of children screened at the age of 1 year and reviewed at the age of 3i years In some children we found difficulty in interpreting the 4 dioptre prism test for microtropia, and we have not therefore included this as a criterion of abnormality. However, where we felt sure that there was a microtropia we have recorded it but made no further observations. We accept that treatment of some of the children before a visual abnormality was detected has complicated the final assessment, particularly in relation to the recording of visual acuity. If the visual acuity was 6/12 or better with a spectacle correction, we have counted the acuity as 'normal' unless there was > 1 line of difference between the 2 eyes. Manifest squint with or without spectacles has been counted as 'abnormal'.
Thirty-one children did not attend again for reassessment, and 22 others had apparently moved from our area. Thus, 162 children have been reassessed. They were divided into 2 groups according to whether they did or did not have an 'abnormal' refraction when they were screened. We have not published full details of the refractions and vision of all the individual children, but we would be happy to supply photocopies of them to interested inquirers.
Summary of findings
The visual findings from these children can be summarised and statistically analysed in terms of whether detection of an 'abnormal' refraction at the time of screening was significantly associated with a child being eventually found to have normal or abnormal vision. Thus, detection of bilateral spherical hypermetropia and/or anisometropia was significantly associated with the future detection of squint and/or amblyopia (Table 1) .
Refractions other than bilateral hypermetropia and/or anisometropia could be considered in retrospect as being abnormal. For example, if + 1 50 D of astigmatism in either eye had also been regarded as 'abnormal', even when there was no significant hypermetropia or anisometropia, such a refraction would have been significantly associated with the later detection of squint and/or amblyopia (Table 2) .
If anisometropia had been ignored, and the criteria for 'abnormality' taken as hypermetropia of +2-00 or more D in both eyes and/or + 1 50 or (Ingram, 1977) and a prediction rate of 73% of children screened in our pilot study of 1-year-olds ). Since we started this particular investigation, the entity of meridional amblyopia has been identified (Mitchell et al., 1973) and accepted as a form of stimulus deprivation amblyopia (Noorden, 1974) . A significant association between astigmatism of + l 50 D or more in either or both eyes and what we have regarded as significant amounts of anisometropia was noted in this sample of children (Table 4 , P=0.000 0013%) among 1-year-old children (Ingram, 1979) and in children at the time they present with a visual problem (Ingram, un- published). If we had taken + 1P50 D or more astigmatism in either eye, in addition to bilateral hypermetropia and/or anisometropia, and regarded all 3 as 'abnormal', the significance of any 1 or more of these refractions being associated with the future identification of squint/amblyopia increases ( Table 2, P=0-0134%) . If, however, we had ignored anisometropia and just selected bilateral hypermetropia of +2-00 or more DS and/or astigmatism of + 50 or more D in either eye as abnormal criteria, we would have had an even higher statistical association (Table 3 , P=0-0025%), and we would have predicted abnormal vision in 66% of those Ikeda and Tremain, 1978; Blakemore and Eggers, in press) or a genetically determined inborn neurological abnormality, as suggested by Wiesel and Hubel (1974) . Alternatively, there could be both a genetic and an environmental factor (see Whitteridge, 1977) acting separately or coincidentally. The species of experimental animal may be important, because in the kitten, whose eye is 'immature' at birth, the process of development may be relatively more important and therefore the neuronal connections may be more easily distorted by environmental factors than is the case in higher mammals, for example, the lamb. Recent work shows that vision develops rapidly during the first 3 months of the human infant's life, which suggests that the neuronal connections may not be as well developed as in the lamb (Atkinson et al., 1977) .
The presence of identical squint in uniovular twins has been cited in favour of the genetic basis of squint (Whitteridge, 1977) . In this sample, 1 such pair of twins developed squint in the absence of any refractive error when they were screened. Nevertheless, uniovular twins often have identical refractions (Sorsby and Benjamin, 1973; Weekers et al., 1956) , although this is not inevitable (Kvapilikova, 1970) , and there is other evidence that refraction is inherited (Waardenburg, 1963; Sorsby et al., 1966) . This pair of twins were 2 years old when screened, and the absence of a refractive error at this age does not preclude the possibility that they had an abnormal refraction when they were younger.
Preschool siblings of children known to have squint or amblyopia might be expected to have a significant risk of having a genetically determined neurological abnormality. Nevertheless, in this sample there is a highly significant association between a refractive error and the eventual identification of a visual defect. This is compatible with other observations, as follows:
(l) There was a significant association between refractive errors and visual defect (P < 0-01) among the subjects in the 20 families specifically selected by Kramar (1973) because of the distribution of squint/ amblyopia within them. (2) Among children presenting before the age of 2 years with squint/amblyopia the association of a refractive error was more significant than the reported incidence of a family history (Ingram, 1973) . (3) In a sample of children of all ages presenting with possible visual problems the association of a refractive error with squint/ amblyopia was itself significantly higher (P <005) than the (already significant) incidence of a family history (Ingram, 1977) .
Taken together, these observations suggest that, in man, an environmental factor such as blurred vision caused by an uncorrected refractive error may be a more important factor causing squint and/or amblyopia than an inborn neurological lesion. If this is so, attention could be directed towards the search for refractive errors of sufficient magnitude to cause blurred vision during the sensitive period. If it was ever possible to demonstrate successful prevention of squint and/or amblyopia by creating clear vision throughout this period, we would have gone some way towards deciding the relative importance of the genetic and developmental theories.
